Increased pulse wave velocity (PWV) is associated with incidence of stroke and coronary diseases, independent of other cardiovascular risk factors [@bb0005], [@bb0010], [@bb0015]. Therefore, the measurement of PWV is recommended in many current guidelines for the management of hypertensive patients [@bb0020], [@bb0025]. Recently, we constructed a novel mathematical transformation function (TF) for central blood pressure (CBP) values estimated by non-invasive oscillometric blood pressure (BP) measurements [@bb0030]. In the present study, we reconstructed TF in coronary artery disease (CAD) patients, who have different arteriosclerotic characteristics from healthy subjects [@bb0035]. Furthermore, we examined whether there is association of PWV with estimated CBP and pulse pressure (PP), obtained by new constructed TF in CAD patients.

We recruited 70 consecutive CAD patients (male: n = 54 \[77%\] and female: n = 16 \[23%\], average: 70.7 ± 8.6 years old), who were referred to Kumamoto University Hospital and diagnosed by coronary angiography (CAG). The study protocol was in agreement with the guideline of the ethical committee of Kumamoto University, and written informed consent was obtained from each patient or the family of the subject. PWV values in CAD patients were measured on admission using a device for PWV/ABI Form (Omron Colin Co., Ltd., Tokyo, Japan). The method of PWV measurements was reported previously [@bb0040].

During heart catheterization, we measured CBP and constructed TF as reported previously [@bb0030]. Briefly, either a 5 or 6 French Judkins-type catheter (Togo Medikit, Hyuga, Japan) was placed into the ascending aorta of the patients, and the CBP was measured and recorded prior to the initial CAG and administration of any cardiovascular agents. Simultaneously with the measurement of CBP by a catheter, we wrapped a cuff around the left upper arm of supine-positioned patients and measured the brachial BP oscillometrically using a Pasesa AVE-1500 (Shisei Datum, Tokyo, Japan). We also measured an arterial velocity pulse index (AVI) [@bb0030] and an arterial pressure-volume index (API) [@bb0045] in CAD patients, and obtained TF between the invasive CBP values and non-invasive oscillometric BP values in each patient. We made a correlation matrix to investigate the correlation among several independent variables. The independent variables, which had significant correlations with aortic systolic BP (AoSBP) were age, systolic BP (= brachial BP, PSBP), diastolic BP (PDBP), AVI and API values obtained in this matrix. To examine multiple regression equation, we used AoSBP as a dependent variable and adopted the five above-mentioned variables as independent variables. We also adopted aortic pulse pressure (AoPP) as a dependent variable for the five independent variables: age, PSBP, pulse pressure (PPP), AVI and API. Using these statistical analyses, we obtained intercepts and coefficients for each independent variable and constructed the following formulas: estimated central SBP (eCSBP) = 0.1152 ∗ age + 0.7512 ∗ PSBP + 0.3095 ∗ PDBP + 0.1884 ∗ AVI + 0.4001 ∗ API − 0.1105, estimated central PP (eCPP) = 0.1496 ∗ age + 0.1088 ∗ PSBP + 0.7312 ∗ PPP + 0.2163 ∗ AVI + 0.3649 ∗ API − 12.3859. Data, analyzed using the method by Bland and Altman, revealed good agreement between AoSBP and eCSBP (mean difference: 0.010 ± 9.255) and between AoPP and eCPP (mean difference: − 0.001 ± 8.735) without any systematic bias ([Fig. 1](#f0005){ref-type="fig"}A). In addition, both correlations were not statistically different (r = − 0.222, p = 0.065 and r = − 0.219, p = 0.068, [Fig. 1](#f0005){ref-type="fig"}A upper left panel and upper right panel, respectively), indicating no statistical difference between both methods. Thus, we clearly demonstrated the accuracy of eCSBP and eCPP values calculated by TF of conventional non-invasive oscillometric BP measurements. Moreover, the estimated CSBP and CPP were significantly and strongly correlated with baPWV values (r = 0.51, p \< 0.001 and r = 0.48, p \< 0.001, respectively, [Fig. 1](#f0005){ref-type="fig"}B lower panel).Fig. 1The correlations of estimated CBP with AoBP and baPWVPanel A shows Bland--Altman plots between AoSBP and eCSBP (upper left panel), and AoPP and eCPP (upper right panel).B upper panel shows the correlations between estimated CSBP and AoSBP (upper left panel), and between estimated CPP and AoPP (upper right panel).B lower panel shows the correlations between estimated CSBP and baPWV (lower left panel), and between estimated CPP and baPWV (lower right panel).CBP; central blood pressure, AoBP; aortic blood pressure, baPWV; brachial-ankle pulse wave velocity, CSBP; central systolic blood pressure, AoSBP; aortic systolic blood pressure, CPP; central pulse pressure, AoPP; aortic pulse pressure.

Augmentation index (AI) is also known to be an index of indicating vascular stiffness [@bb0050]. This tonometry method generally needs to measure BP pulse wave from body surface, so it is required to detect artery positions accurately and to press arteries which enable to make slightly flat position without occlusion of arteries. The tonometry methods are not always easy, and are prone to examiner-dependent manner. In this study, hence, we proposed new TFs estimating accurate CBP by oscillometric measurements, which have less measurement errors dependent on the examiner. Moreover, AI is generally influenced by aging, and it is less significant to monitor in the elderly [@bb0055]. Because the average age of patients in this study was 71 years old, AIs of these patients have possibility to reach a plateau. Hence, we further examined 13 relatively younger patients (less than 60 years old; male: n = 9 \[69%\]; average: 52.4 ± 10.5 years old), and applied TFs in relatively younger patients to examine the accuracy of these TFs. As a result, both estimated CSBP and CPP were significantly and strongly correlated with AoSBP and AoPP respectively (r = 0.86, p \< 0.001 and r = 0.84, p \< 0.001, respectively, figures not shown) also in these patients. Thus, we demonstrated the accuracy of estimated CSBP and CPP values, independent of aging. Furthermore, the brachial BP, aortic BP and eCSBP were 139.71 ± 20.5 mm Hg, 153.9 ± 22.3 mm Hg, and 153.9 ± 20.3 mm Hg, respectively, and these associations with baPWV were shown in [Table 1](#t0005){ref-type="table"}. The associations of PWV with eCBP and eCPP were stronger than those with other BP parameters.Table 1The relationships among brachial, aortic BP and eCSBP, and between baPWV and these BP parameters.Correlationsr valuep valueBrachial BP vs. eCSBP0.99p \< 0.01Aortic BP vs. eCSBP0.91p \< 0.01eCSBP vs. baPWV0.51p \< 0.01Brachial BP vs. baPWV0.51p \< 0.01Aortic BP vs. baPWV0.48p \< 0.01[^1]

Increased CBP causes vascular wall stress in peripheral vessels, such as the cerebral, coronary and renal arteries, and accelerates atherosclerosis in these arteries, resulting in various cardiovascular diseases. As described above, accumulating clinical evidence showed a close association between CBP and the occurrence of cardiovascular diseases in CAD and other vascular diseases [@bb0060], [@bb0065]. Because direct CBP measurements are invasive procedures using a catheter, it is very useful to measure CBP in CAD patients precisely and non-invasively demonstrated in this study for risk stratification of CAD. Furthermore, PP, as well as PWV, is associated with adverse cardiovascular events in CAD patients \[[@bb0050]\]. This study demonstrated that not only eCSBP but also eCPP had strong correlation with PWV, indicating the accuracy eCPP values calculated by new TF in CAD patients. Moreover, there were strong and significant associations of PWV with eCSBP and eCPP, suggesting the clinical significance of estimated CBP by TF, which we firstly constructed.

In conclusion, the associations between PWV and the BP parameters were calculated by using new reconstructed TF, indicating the validity of these TFs in CAD patients.
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